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Endothelin-1 (ET-1) is implicated in cardiovascular risk factors such
as obesity, and the endothelin system is prominent in the kidney. In
murine arteries, the contractile proﬁle of the peptide is heterogeneous
among different preparations, and the renal vascular bed is largely
unexplored. Segmental renal arteries branching from the main renal
arteries of age-matched lean and 30 week diet-induced obeseWTmice
were investigated by isometric tension recording in Halpern–Mulvany
myographs. Contractions after administration of big endothelin-1 (bET-
1) or ET-1 (both 10 pM to 100 nM)were determined in the absence and
presence of l-NAME, followed by full concentration–response curves to
serotonin (5-HT) or the TP receptor agonist U46619. At the highest
concentrations of bET-1 contractions were similar in rings of lean
and obese mice in the absence of l-NAME. Inhibition of NO synthesis
facilitated responses particularly in obese animals (n= 6–9, P b 0.01).
Exogenous ET-1 contracted potently preparations of all groups starting
from 3 nM on; the response to the peptide was augmented by obesity
in the absence and presence of l-NAME (each n= 6–10, P b 0.001).
ECE-activity calculated as the ratio of the responses bET/ET-1 was
signiﬁcantly higher in rings from obese mice in the presence of NO at
10 nM (n= 5–9, P b 0.01) and at 30 nM of the peptides in the presence
of l-NAME (n= 6–9, P b 0.05). Contractions to 5-HT and U46619 were
comparable between groups. These experiments demonstrate the high
responsiveness of the renal vascular bed to both endogenous and
exogenous ET-1, and an increased activity of the endothelin system in
obesity, whereas responses to 5-HT2 and TP receptor activation are
unaltered.
doi:10.1016/j.lfs.2013.12.070
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The adaptor protein p66 Shc, a longevity-associated product of the
Shc1 gene, is implicated in the pathogenesis of age-related diseases
and regulation of sensitivity to oxidative stress. The ability of p66 Shc
to promote age-related diseases requires phosphorylation of serine
36 residue (Ser36). We have shown that endothelin-1 (ET-1), an
important regulator of the renal microcirculation, induces p66 Shc
Ser36 phosphorylation and mediates protein–protein interactions of
p66 Shc in renal cells. As the knownp66 Shc-mediated effects are highly
dependent on Ser36 phosphorylation, we speciﬁcally modiﬁed this
amino acid by introducing a knock-in substitution of this amino acid in
Dahl salt-sensitive (SS) rats. Cell embryos were extracted from SS rats
and mRNA encoding two engineered ZFNs targeting portion of Shc1
gene encoding p66 Shc isoform were injected into the embryo along
with a plasmid template encoding an Ala36 modiﬁcation. The double
strand break caused by microinjection of ZFNs targeting Shc1 gene
stimulated homologous recombination with co-injected template
plasmid containing the desired mutation. We have established a
breeding colony of rats with the Ser36 to Ala36 (S36A) substitution.
The absence of Ser36 phosphorylation in response to ET-1 was con-
ﬁrmed by Western blotting with phosphospeciﬁc antibodies. The
juxtamedullary vasculature was isolated for study from genetically
modiﬁed SS rats and an afferent arteriole was monitored continuously
by videomicroscopy. After control diameter measurements, responses
to ET-1 (0.001–10 nmol/L) were determined in afferent arterioles.
Since preglomerular arterioles isolated from S36A rats exhibit an im-
paired vascular response to ET-1 when compared with their wild type
littermates, p66 Shc is important for ET-1-induced vascular responses in
renal vessels.
doi:10.1016/j.lfs.2013.12.071
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In multiple drug resistance (MDR) cellular transport mechanism,
such as the MDR-1 and the MRP1-5 proteins, is induced. Cells become
resistant by accelerating the efﬂux of reagents being reabsorbed. This
mechanism could be a major component of therapeutic resistance after
proximal tubule activation in chronic proteinuric disease. By qRT-PCR,
we identiﬁed endothelin-1 (ET-1)-inducible MDR-transport proteins
in normal (RPTEC) and tumorous (CAKI-1) proximal tubule cells.
Verapamil and elacridar, a ﬁrst and third generation MDR-inhibitor,
blocked those transport proteins demonstrated by calcein-AM-assay.
Fluorinated calcium was retained best in the cells after elacridar treat-
ment of prestimulated proximal tubule cells and shows a functional
impact. To further analyse the effect of therapy after blocking MDR we
used a previously (von Brandenstein et al., 2010) described regulatory
loop, causally connecting the upregulation of microRNA15a with the
downregulation of PKC alpha after ET-1-stimulation in proximal tubule
cells. Selegilin, an inducer of PKC alpha, downregulates micoRNA15a
levels in ET1-stimulated proximal tubule cells. The therapeutic dose
of selegilin could be signiﬁcantly reduced after pre-treatment with
elacridar. We conclude that: i) blocking the MDR-transport system
in proximal renal tubules overcomes chemoresistance after ET-1-
stimulation; and ii) therapeutic doses of PKC alpha-inducer selegilin
counteracting microRNA15a production can be reduced. This approach
is a ﬁrst step towards an effective therapeutic protection of proximal
tubules being activated by the endothelin system contributing to pro-
teinuria in chronic renal disease.
doi:10.1016/j.lfs.2013.12.072
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It has recently been established that a high salt diet leads to
sodium storage within the skin of rats and mice. This increase in
sodium in the highly vascularized skin results in macrophage inﬁl-
tration and lymphangiogenesis. While dysfunction in this process
has been implicated in salt sensitive hypertension, the mechanisms
are poorly understood. Because vascular endothelin-1 (ET-1) is up-
regulated in response to a high salt diet or hypertonicity, and is a
potent chemoattractant, we hypothesized that endothelial derived ET-1
mediates inﬁltration of immune cells into the skin during chronic high
salt intake, thereby allowing sodium clearance from the skin and
preventing accumulation. Our data indicate that increasing extracellular
concentration of human endothelial cells by 40 mOsm with NaCl,
similar to what is seen in the interstitial space of rats placed on a high
salt diet, leads to a 50% increase in ET-1 production, a mechanism likely
mediated by TonEBP. Furthermore, in response to one week of high
salt diet, skin Na/water ratio was elevated in vascular endothelial cell
ET-1 knockout mice compared to wild type mice (0.112 ± 0.007 vs.
0.096 ± 0.004 mmol/ml). These data suggest a critical role for ET-1 in
preventing the accumulation of sodium in the skin during a high salt
intake, an emerging mechanism of the body's ability to buffer blood
pressure changes in response to increases in sodium intake.
doi:10.1016/j.lfs.2013.12.073
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Background: Recent clinical trials with endothelin receptor antag-
onist on diabetic nephropathy have been terminated by side effect
of ﬂuid retention in spite of their beneﬁcial effect for proteinuria. The
alternative approach for interrupting endothelin pathway by endo-
thelin converting enzyme (ECE) inhibition is anticipated. Methods and
results: We injected streptozotocin (STZ; 180 mg/kg i.p.) once for
generating type 1 diabetes into ten-week old male ECE-1 heterozygous
knockout (KO) mice and their wild type (WT) littermates. The analysis
for kidney function and morphology has been performed since early
stage at 2 months until late stage at tenmonths after STZ. In early phase,
diabetic mice have shown remarkable hyperglycemia, polyuria, renal
hypertrophy, and glomerular hypertrophy at the same degree between
WT and KO mice. But ECE-1 inhibition suppressed protein urea and
albumin urea (WT vs KO: 1011± 387 vs 283 ± 69 μg/day, p b 0.05).
Along with time passage until late stage, polyuria and glomerular
hyperﬁltration state made the shift to oligourea. ECE-1 inhibition
attenuated the progression of renal failure showing preserved GFR (WT
vs KO: 238 ± 48 vs 370 ± 59 μl/min) and renal atrophy (WT vs KO:
12.6 ± 0.8 vs 14.8 ± 0.7 mg/mm tibia length). Superoxide in whole
kidney quantiﬁed lucigenin assay has increased in WT mice and
suppressed in KO mice (WT vs KO; 112 ± 10 vs 70 ± 6 cpm/mg).
Tubular ﬁbrosis by silius red staining has also prevented in KO mice.
Conclusion: ECE-1 suppression prevents the progression of renal failure
by suppressing glomerular barrier damage, oxidative stress, and tubular
ﬁbrosis in diabetic mice.
doi:10.1016/j.lfs.2013.12.074
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High salt diet reduces myogenic reactivity in resistance vessels
and autoregulatory responses of juxtamedullary afferent arterioles.
High salt diets increase endogenous endothelin levels, and enhance
preglomerular ETB receptor expression. Renal autoregulatory responses
are modulated by endothelin receptors and endothelin-mediated pre-
glomerular vasoconstriction requires elevation of intracellular calcium
concentration. Accordingly, experiments were performed to determine
the impact of high dietary salt on the endothelin-mediated calcium
signaling responses in freshly isolated preglomerular microvascular
smooth muscle cells (PMVSMCs). Kidneys were harvested from wild
type (WT) and ETB-deﬁcient (ETBdef) rats fed normal salt (NS, 0.4%
NaCl) or high salt (HS, 8% NaCl, 14 days) diets and PMVSMCs were
prepared. Calcium signaling responses were studied using fura-2-
based photometry. PMVSMCs isolated fromWT rats onNS responded to
ET-1 (10 nM) with a biphasic increase in intracellular calcium from a
baseline of 63 ± 6 nM to a peak response of 983 ± 141 nM (P b 0.05)
and in PMVSMCs isolated from WT rats fed HS, intracellular calcium
increased from 56 ± 4 nM to 423 ± 95 nM or approximately 38%
of the NS response (P b 0.05). In contrast, PMVSMCs isolated from
ETBdef rats on NS responded to ET-1 with an increase in intracellular
calcium from 49 ± 4 nM to 713 ± 152 nM (P b 0.05) whereas cells
from HS ETBdef rats increased intracellular calcium from 52 ± 4 nM
to 418 ± 117 nM or approximately 50% of the NS response (P N 0.05).
These data demonstrate that ET-1 signals in PMVSMCs with an ele-
vation of intracellular calcium concentration. In addition, these data
demonstrate that increasing dietary salt blunts the calcium response
to ET-1.
doi:10.1016/j.lfs.2013.12.075
Collecting duct NOS1 knockout mice lack ET-1 mediated
inhibition of collecting duct ENaC
Kelly A. Hyndmana, Vladislav Bugajb, Elena Mironovab,
James D. Stockandb, David M. Pollocka, Jennifer S. Pollocka
aExperimental Medicine, Department of Medicine,
Georgia Regents University, USA
bDepartment of Physiology, University of Texas Health Sciences Center, USA
E-mail address: khyndman@gru.edu (K.A. Hyndman)
On a normal salt diet (NSD) ﬂox control and principal cell-speciﬁc
collecting duct, NOS1 knockout (CDNOS1KO) mice display similar
blood pressure (BP). On high salt diets, CDNOS1KO mice retain Na
with signiﬁcantly increased BP. Given that ET-1 increases NO in the
CD, we hypothesized that CDNOS1KO mice have a dysfunctional
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